Abstract. KL-6 mucin, a type of MUC1 mucin, is expressed in many malignant tissues including colorectal adenocarcinoma. Previous studies on colorectal adenocarcinoma tissues showed that subcellular localization of KL-6 mucin was associated with the tumor metastatic potential and the patient prognosis. In the present study, to further investigate the significance of subcellular localization of KL-6 mucin, we examined KL-6 mucin expression in colorectal carcinoma cell lines, COLO 201, LoVo, WiDr, and DLD-1, by means of Western blot, flow cytometric and immunocytochemical analyses in conjunction with xylitol treatment. COLO 201 cells characterized by free cells in culture and high metastatic potential revealed extremely high level expression of KL-6 mucin in the cytoplasm and cell surface. The cell surface mucin of COLO 201 cells could not be removed by xylitol treatment, suggesting that the mucin may tightly bind to the cell membrane. LoVo cells characterized by adhesive cells in culture and high metastatic potential express a low level of KL-6 mucin in their cytoplasm and cell surface. In contrast, WiDr and DLD-1 cells, both of which are characterized by low metastatic potential, express KL-6 mucin around the cell surface. The mucin of WiDr and DLD-1 cells could be removed by xylitol treatment, suggesting that KL-6 mucin of these two cell lines may be weakly attached around the cell surface. These results suggest that expression level and subcellular localization of KL-6 mucin may be related to the cell morphology in culture and metastatic potential in colorectal carcinoma cell lines. In addition, xylitol is an effective tool to remove KL-6 mucin weakly attached around the cell surface and to investigate the role of subcellular localization of KL-6 mucin.
Introduction
MUC1 mucin is abundantly expressed at the surface of epithelial cells in many tissues (1) (2) (3) (4) . MUC1 expression is also observed in carcinomas that arise in several parts of the body such as the colon, breast, lung, pancreas, papillary thyroid, and gallbladder (5) (6) (7) (8) . The deduced amino acid sequence of MUC1 mucin reveals four distinct domains: the NH 2 -terminal domain consisting of a hydrophobic signal sequence, a highly O-glycosylated tandem-repeat domain, a transmembrane domain, and a cytoplasmic domain (4, 9, 10) . Previous studies on MUC1 expression in colorectal carcinoma have chiefly focused on the tandem-repeat domain, and suggested that tumor cells expressing high levels of MUC1 may have increased invasive and metastatic potential (6) . On the other hand, we focused on oligosaccharide moieties of MUC1 by using KL-6 antibody that requires sialylated oligosaccharides in addition to the polypeptide backbone as a part of antigen (11) and found that malignancy of colorectal adenocarcinoma such as invasion, metastasis, and worse prognosis of the patients, are correlated with a high level of KL-6 mucin expression in cytoplasm and circumferential cell membrane but not with the accumulation of KL-6 mucin on the apical side of the tumor cells (12) .
Several colorectal carcinoma cell lines have been established with various morphology in culture and metastatic potential. COLO 201 cell line is characterized by formation of free cells in culture and by high metastatic potential (13) . LoVo cell line is also characterized by high metastatic potential but forms adhesive cells in culture (14) . In contrast, DLD-1 and WiDr cell lines are low metastatic and adhesive in culture (15, 16) . Although KL-6 mucin was detected not only in various tumor tissues but also in tumor cell lines (17) , expression and subcellular localization of KL-6 mucin in these four cell lines has remained to be elucidated. In this study, we examined expression of KL-6 mucin in these colorectal carcinoma cell lines and describe that Western blot analysis. Western blotting was performed as described before (19) . Briefly, cells pretreated with or without 3% xylitol were lysed in lysis buffer (50 mM Tris-HCl, pH 7.4, containing 1% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 mM Na 3 VO 4 , 1 mM NaF, and 1 μg/ml each of aprotinin, leupeptin, and pepstatin), sonicated and centrifuged at 15,000 g for 10 min at 4˚C. The cell lysates were resolved by SDS-PAGE (8% gel) and transferred onto polyvinylidene difluoride membranes. After blocking the membranes in 5% skim milk, the blots were probed with KL-6 antibody. After incubation with the secondary antibody conjugated with HRP, the reactivity was visualized by enhanced chemiluminescence using the ECL kit (GE Healthcare Bio-Sciences, Piscataway, NJ, USA).
Immunofluorescence and DNA staining. Cells (1x10 6 ) were fixed with 1% paraformaldehyde in PBS for 5 min at 4˚C and, after two washes with PBS, incubated with or without KL-6 antibody (Eisai, Tokyo, Japan) in dilution of 1:200 for 60 min. After two washes with PBS, cells were incubated with 2 μl of FITC-conjugated secondary antibody (BD-Pharmingen, USA) for 20 min in the dark at room temperature. To monitor the cell condition, DNA staining was performed by incubating aliquots of the cell suspensions with PBS containing 50 μg/ml PI, 1 μg/ml RNase, 1% Triton X-100 for 1 h at 4˚C (20) .
Flow cytometry. Flow cytometric examination was performed as described previously (20) . Briefly, samples (10,000 cells) were analyzed by FACSCalibur flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA), with the CellQuest software for list mode acquisition and gated data analysis. In the bivariate analysis, 488 nm argon laser excitation (15 mW) was used for measurement of FITC fluorescence (FL1) with a 530/30 nm band-pass filter and PI fluorescence (FL2) with a 650 nm long-pass filter. FITC and PI fluorescence was measured using a logarithmic scale. Doublet discrimination mode was used for excluding the aggregation and debris of the cells.
Immunocytochemistry. Cells cultured on slides were treated with or without 3% xylitol and fixed with 3.7% formaldehyde for 30 min followed by treatment with 0.2% Triton X-100 for 10 min. Endogenous peroxidase activity was halted through administration of 0.3% hydrogen peroxide/methanol for 30 min. The slides were rinsed with PBS, blocked with normal goat serum for 30 min at room temperature, and then incubated with or without KL-6 antibody (1:200 dilution) for 60 min at room temperature. After the incubation with biotinylated secondary antibody for 60 min, bound biotinylated antibody was tested by the biotin-streptavidin-peroxidase complex method using a commercial kit (Histofine SAB-PO kit; Nichirei, Tokyo, Japan). 3,3'-Diaminobenzidine was used as the chromogen, and hematoxylin was used as a counterstain.
Results

Expression of KL-6 mucins in colorectal carcinoma cell lines.
We performed Western blot analysis to examine KL-6 mucin expression in colorectal carcinoma cell lines, COLO 201, LoVo, WiDr, and DLD-1. As shown in Fig. 1 , KL-6 mucins were detected at various molecular weights and number of molecular species. Notably, intensity of the bands in WiDr and DLD-1 cells significantly decreased when the cells were pretreated with a brief wash with xylitol.
Cell surface expression of KL-6 mucin. Cell surface expression of KL-6 mucin was examined by flow cytometric analysis after cells were treated with or without 3% xylitol. Fig. 2 shows typical flow cytometric profiles. A major population of COLO 201 cells was found to express a high level of KL-6 mucin on the cell surface and/or cytoplasm. Xylitol treatment did not alter the flow cytometric profile for KL-6 mucin expression, suggesting that KL-6 mucin detected in COLO 201 cells may tightly bind to the cell surface or exist in cytoplasm. In contrast, expression levels of KL-6 mucin in LoVo, WiDr, and DLD-1 cells were considerably lower than that in COLO 201 cells. KL-6 mucin levels on WiDr and DLD-1 cells but not on LoVo cells were decreased by xylitol treatment. This suggests that KL-6 mucin expressed in WiDr and DLD-1 cells may be weakly attached to the cell membrane after the secretion of the cells.
Immunocytochemistry for KL-6 mucin in colorectal carcinoma cell lines.
To further examine subcellular expression of KL-6 mucin, the cells with or without xylitol wash were treated with 0.2% Triton X-100 and then subjected to immunocytochemical detection for KL-6 mucin (Fig. 3) . In COLO 201 cells, even after xylitol treatment, intensive stains were observed in the entire cells including cell membrane and cytoplasm ( Fig. 3A  and B) . In LoVo cells, weak stains were observed in the entire cells, especially in cytoplasm, which were not altered by xylitol treatment (Fig. 3C and D) . In contrast, in WiDr and DLD-1 cells, moderate stains were observed around the cells without xylitol treatment (Fig. 3E and G, respectively) . However, the stains in these two cell lines almost disappeared by xylitol treatment (Fig. 3F and H) .
Discussion
KL-6 mucin is a type of MUC1 mucin, which is detected by KL-6 monoclonal antibody (6, 11, 17) . In this study, we found that four colorectal carcinoma cell lines, COLO 201, LoVo, WiDr, and DLD-1, expressed KL-6 mucin and that the localization of KL-6 mucin was different among these cell lines. COLO 201 cells revealed extremely high level of KL-6 mucin in cytoplasm and cell surface where the mucin tightly bound without washing out by xylitol treatment. LoVo cells also revealed a similar localization of KL-6 mucin, although the expression level was considerably lower. WiDr and DLD-1 cells showed weak but significant expression of KL-6 mucin. In contrast to COLO 201 and LoVo cells, KL-6 mucins expressed by WiDr and DLD-1 cells were weakly attached onto the cell surface, since their mucin could be washed out by xylitol treatment.
Four colorectal carcinoma cell lines used in this study reveal different cell morphology in culture and metastatic potential (13) (14) (15) (16) . Cells in which a high level of KL-6 mucin tightly binds to cell surface may form free cells as revealed in COLO 201 cells. This may be due to physical effect of cell surface mucin to disturb cell-cell interaction (4). On the other hand, subcellular localization of KL-6 mucin may also be related to the malignancy of the cell lines. KL-6 mucin located in cytoplasm and cell surface of COLO 201 and LoVo cells, both of which are characterized by high metastatic potential, while KL-6 mucin weakly attached on cell surface of WiDr and DLD-1 cells, both of which are characterized by low metastatic potential, where the mucin could be removed by a treatment with xylitol. This suggests that KL-6 mucin may tightly bind to cell membrane and/or it exists in the cytoplasm of the high metastatic cell lines, while KL-6 mucin may weakly attach around the cell surface in the low metastatic cell lines.
We previously performed clinicopathological and immunohistochemical analyses for KL-6 mucin expression in colorectal adenocarcinoma tissues (12) . The tumors could be categorized into three groups according to subcellular expression profiles of KL-6 mucin: 1) positive expression in circumferential membrane and/or cytoplasm, 2) positive expression only around apical surface, and 3) negative. Statistical analyses showed that circumferential and/or cytoplasmic expression of KL-6 mucin, but not its secretion around apical surface, was significantly correlated with lymph node and/or liver metastases, suggesting that subcellular localization of KL-6 mucin may be related to metastatic potential of the tumor (12) . In the present study with colorectal carcinoma cell lines, we found that subcellular location of KL-6 may be related to the metastatic potential, which was consistent with our previous results on colorectal adenocarcinoma tissues. Studies on breast and lung carcinomas have also showed that subcellular localization of MUC1 rather than the level of its overall expression has a significant relationship with the metastasis (21, 22) . It has been discussed that cell surface MUC1 may play a role in the metastatic procedure, since the protruded structure of MUC1 may interfere with cell-cell adhesion and promote cell release from tumor body (4, 23) and since the cytoplasmic tail of MUC1, which is highly conserved among MUC1 species (24) , may take part in the intracellular signaling such as ß-catenin signaling pathway and promote tumor cell invasion (25) . This means that the cell surface and cytoplasmic KL-6 mucin, a type of MUC1, may also play similar roles in the metastatic procedure. Identifying the underlying role that KL-6 mucin plays in the progressive behavior of the tumor cells needs further investigation.
In this study, xylitol was used to remove mucinous glycoproteins from cell surface (18, 26) . The data obtained by Western blot analysis, flow cytometry, and immunocytochemistry suggested that the approach of xylitol wash was effective in removing KL-6 mucin from the cell surface. This would be a key step to elucidate the role of subcellular localization of MUC1 in the metastatic potential of the cell lines.
In conclusion, we suggest that the expression level and subcellular localization of KL-6 mucin may be related to the cell morphology in culture and metastic potential in colorectal carcinoma cell lines. In addition, xylitol is an effective tool to remove KL-6 mucin weakly attached around the cell surface, and to investigate the role of subcellular localization of KL-6 mucin.
